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(54) PIEZOELECTRIC TRANSFORMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a piezoelectric 
transformer which is equipped with a vibrator that is easily held 
through a certain holding method, has a high step-up ratio, and is 
enhanced in efficiency, by a method wherein the vibrator is a 
three-layered structure composed of an upper drive part, a lower 
drive part, and a middle output part sandwiched between the drive 
parts, the upper and lower surface of the vibrator are fixed, and a 
drive electric field is applied to enable the output part to start 
thick-wise sliding vibrations. 

SOLUTION: A piezoelectric transformer is composed of a three- 
layered piezoelectric ceramic body which comprises an upper : $f 
drive part 1, a lower drive part 2 which are both polarized in 
opposite directions respectively and a middle output part 3, and a 
member which fixes the top surfaces and under surfaces of the 
three-layered parts. The fixing member firmly fixes the upper and 
lower surfaces of the three-layered parts ceramic body so as not 

to cause a positional relation change between the upper drive part 1 and the lower drive part 2. The 
three-layered part 1, 2, and 3 are previously polarized in a direction vertical to the direction of an 
electric field, and the three-layered parts 1, 2, and 3 start thick-wise sliding vibration when a drive 
electric field is applied. As one surface of each three-layered part is fixed, the displacement of the drive 
parts 1 and 2 deforms the middle output part 3 much. By this distortion, an electric field is generated 
between the electrodes of the middle output part 3 and taken out as an output. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 

rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

- 1 - 



'[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] *. ^ • * 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezoelectric transformer characterized by starting thickness slip vibration in the output 
section by a vertical side being fixed, having 3-fold structure where the output section laps with the 
vertical section mutually in a mechanical component and pars intermedia, and impressing drive electric 
field. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Specifically, this invention relates to structure amelioration of vibrator about a 

piezoelectric transformer. 

[0002] 

[Description of the Prior Art] the spread of a note type personal computer, Personal Digital Assistants, 
etc. — following — back light lighting for the former and liquid crystal — electromagnetism — the 
pressure up has been performed using a transformer, however, generating — electromagnetism — 
recently, a piezoelectric transformer is beginning to spread by the demand of the reduction in the small 
back of reduction of a noise, low-power—izing, efficient-izing, and the transformer themselves etc. 
[0003] The Rosen mold is in the configuration of a typical piezoelectric transformer. This polarizes the 
one half of the die-length direction of a ceramic rectangle plate in the thickness direction, considers as 
a driving side, polarizes another one half in the die-length direction, considers as an output side, and is 
vibrated by the case (lambda mode) where the condition (lambda/2 mode) whose 1/2 wave of a standing 
wave mainly corresponds with the die length of a transformer as the mode at the time of resonance, or 
one wave is in agreement with the die length of a transformer. 

[0004] In the case of the Rosen mold, the pressure— up ratio of a piezoelectric transformer is expressed 
with V2-/V1=(4xQmxK31xK33xL)/(pi2xt). Thus, although an electromechanical coupling coefficient K 
participates in a pressure-up ratio, if structure is changed and longitudinal oscillation is used for a 
driving side, instead of K31 which shows the die-length direction where a value is small, K33 which 
shows a lengthwise direction will become the main element. Therefore, improvement in a pressure-up 
ratio can be aimed at, and there is effectiveness also in reduction of driver voltage as a result. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the conventional piezoelectric transformer 
mentioned above has the following faults. That is, support of vibrator is usually performed in the contact 
of vibration. In fact, although a support rack and vibrator are fixed with adhesives, such as silicone, the 
activity of pasting up the narrowest possible area part is needed firmly [ so that it may not exfoliate in 
vibration ] so that vibration may not be checked. However, vibration is checked by performing required 
sufficient immobilization in fact, or dispersion arises in the fixed approach, and there is a problem which 
leads to decline in the effectiveness as a transformer. 

[0006] In order for a pressure-up ratio to obtain an efficient high piezoelectric transformer, it is 
indispensable that an electromechanical coupling coefficient K is high. Although the same ingredient also 
has K which changed with oscillation modes and K15 of thickness slip vibration shows the highest value, 
there are few examples actually used. Therefore, since the electromechanical coupling coefficient K 



' used as the rhax which the ingredient itself has is not used, there is a problem which has not fully 
employed the material property efficiently. 

[0007] Therefore, the manner of support of vibrator is easy for this invention, and its pressure-up ratio 

is high, and it is to offer an efficient piezoelectric transformer. 

[0008] 

[Means for Solving the Problem] Since according to this invention it drives where the 2nd page of 
vibrator is fixed, vibrator support can be performed very easily, it has a high pressure-up ratio by using 
K15 of thickness slip vibration with the largest value for the electromechanical coupling coefficient 
greatly concerned with a pressure-up ratio in a material property value at both I/O, and the transformer 
which it is efficient and can be used is obtained. 

[0009] That is, this invention is a vertical side's being fixed, having 3-fold structure the output sections 
lapping with the vertical section mutually in a mechanical component and pars intermedia, and 
impressing drive electric field, and is a piezoelectric transformer which starts thickness slip vibration in 
the output section. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring 
to a drawing. 

[001 1] Drawing 1 is the block diagram of the piezoelectric transformer by the gestalt of operation of this 
invention. It consists of the electrostrictive ceramics, the upper mechanical component 1 and the lower 
layer mechanical component 2 by which polarization was carried out in each direction, and the interlayer 
output section, of three layers, and consists of the part which fixes the vertical side of them. As for a 
fixed portion, being fixed firmly is desirable so that the physical relationship of the upper mechanical 
component 1 and the lower layer mechanical component 2 may not change. It has the upper drive 
electrode 4 and the lower layer drive electrode 5 in the upper layer and a lower layer vertical side, and 
has the electrode 6 for output Rhine in an interlayer s right and left respectively. Beforehand, the 
direction of electric field is polarizations being carried out to the right angle and impressing drive 
electric field, and three layers perform thickness slip vibration. 

[0012] Drawing 2 and drawing 3 are the plugging charts and oscillating model Figs, of a piezoelectric 
transformer by the gestalt of operation of this invention respectively. Thickness slip vibration arises by 
impressing electric field in phase to the upper mechanical component 1 and the lower layer mechanical 
component 2. That is, as the field which touches each interlayer displaces to hard flow, on a top face 
and the inferior surface of tongue, it is the configuration that the direction of polarization conflicts. 
Since the 1st page is being fixed respectively, the variation rate of the upper mechanical component 1 
and the lower layer mechanical component 2 is made to transform the interlayer output section 3 
greatly. In the interlayer output section 3, electric field are produced in inter-electrode [ that ], and it is 
taken out as an output by this strain. 

[0013] Drawing 4 and drawing 5 are the mimetic diagrams which expressed actuation of the mechanical 
component of the piezoelectric transformer by the gestalt of operation of this invention, and the output 
section respectively. 
[0014] 

[Effect of the Invention] According to this invention, like the above explanation, a high pressure-up ratio 
and an efficient piezoelectric transformer can be offered by using the thickness slip vibration in which a 
driving side and an output side have K15 with a high electromechanical coupling coefficient 
[0015] moreover, the structure which fixes the vertical side of vibrator sake — the conventional 
transformer — comparing — support — easy — in addition — and a piezoelectric transformer with few 
losses of vibration by support can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the piezoelectric transformer by the gestalt of operation of this 
invention. 

[Drawing 2] The mimetic diagram of the piezoelectric transformer by the gestalt of operation of this 
invention. 

[Drawing 3] the trembler of the piezoelectric transformer by the gestalt of operation of this invention — 
the model Fig. of a variation rate. 

[Drawing 4] The Fig. of the mechanical component of the piezoelectric transformer by the gestalt of 
operation of this invention of operation. 

[Drawing 5] The Fig. of the output section of the piezoelectric transformer by the gestalt of operation of 
this invention of operation. 
[Description of Notations] 

1 The Upper Mechanical Component 

2 Lower Layer Mechanical Component 

3 Interlayer Output Section 

4 Electrode for the Upper Drive 

5 Electrode for Lower Layer Drive 

6 Electrode for Output Rhine 
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